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This  document  covers  the  technical  details  of  advanced  development  wiirk  per- 
formed to  adapt  the  electret  principle  for  the  purpcTse  of  improving  noiso-cai>- 
celling  microphones  for  military  use.  A majcir  objective  was  to  achieve  a flat 
frequency  response  over  a greater  bandwidth  and  noise  cancellation  character- 
istics extending  to  a higher  frequency  cut-off  point  than  previously  jxTssible 
with  dynamic  units.  , 
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1 . Introduction 

The  pursuit  of  this  development  program  was  to  design  and 
evaluate  a linear  noise-cancelling  electret  microphone  which 
possessed  uniform  frequency  response  over  an  extended  range 
while  maintaining  good  noise  rejection  at  higher  frequencies. 

In  addition,  the  microphone  was  to  he  designed  to  n\eet  military 
requirements  for  sensitivity,  output  impedance  and  environmental 
performance. 

2 . Mi c ropho  ne  De  s i 

The  principle  of  operation  employed  in  the  design  of  such  a 
microphone  was  that  of  a first  order  gradient  electret  capacitor 
device.  The  use  of  an  electret  design  readily  achieves  a uniform 
response  over  a wide  frequency  range  while  allowing  for  excellent 
noise-cancelling  characteristics  to  be  obtained.  The  capacitor 
is  formed  by  spacing  a thin  metallized  foil  away  from  a stationary 
electrode.  The  foil  responds  to  the  sound  pressure  across  it  and 
therefore  yields  an  output  equivalent  to  the  pressure  gradient. 

This  foil  is  then  the  active  diaphragm  of  the  microphone  assembly 
and  selection  of  an  ultra  thin  material  yields  a low  mass  and  pro- 
vides for  a high  frequency  of  resonance.  The  result  is  a design 
of  extreme  ruggedness  with  a smooth  frequency  response  characteris- 
tic. Bonded  to  the  stationary  electrode  is  a charged  electret 
element  which  acts  as  a source  of  bias  for  the  capacitor.  Together; 
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the  active  diaphragm,  the  electret,  and  the  stationary  electrode 
form  a capacitive  element  capable  of  generating  an  electrical 
output  which  represents  the  acoustical  input. 

The  approach  employed  in  the  JMR  design  was  to  contain  the 
active  capacitor  element  in  a capsule  and  to  package  the  amplifier 
in  a separate  shield  can.  This  allowed  for  a capsule  of  minimal 
thickness  to  be  designed  yielding  a very  small  effective  length 
between  front  and  rear  ports  without  sacrificing  symmetry  with 
respect  to  polar  response.  A small  effective  length  provides 
for  a high  frequency  of  crossover  between  the  near  and  far  field 
responses.  An  illustration  of  capsule  assembly  is  shown  in 
Figure  1 . 

In  order  to  provide  environmental  protection  to  the  electret 
capacitor  element,  both  front  and  rear  ports  had  to  be  treated  in 
such  a way  as  to  appear  open  to  the  acoustic  signal  and  closed 
to  environmental  elements.  This  was  accomplished  via  separate 
means  for  each  port.  The  rear  port  was  sealed  using  a tensionless 
outer  protective  diaphragm  which  was  metallized  and  electrically 
connected  to  the  capsule  housing.  This  sufficed  to  seal  the  rear 
port  from  environmental  elements,  as  well  as  act  as  a shield  to 
electromagnetic  interference.  The  front  port  however  was  treated 
differently.  A stainless  steel  screen  was  employed  for  protection 
since  it  was  acoustically  more  transparent  than  an  outer  protec- 
tive diaphragm.  The  effectiveness  of  an  outer  diaphragm  on  a 
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front  port  Is  greatly  diminished  since  the  coupling  between  It 
and  the  active  diaphragm  Is  so  great  that  aberatlons  In  the  re- 
sponse are  observed  to  result  when  It  Is  employed.  The  use  nf 
a stainless  steel  wire  mesh  screen  which  was  treated  with  an 
antiwetting  agent  was  found  to  provide  sufficient  protection  for 
all  environmental  tests.  Care  was  exercised  In  the  selection  of 
the  pore  size  of  the  wire  mesh  screen  and  the  te"'<1on  of  the 
rear  outer  diaphragm  to  Insure  symmetrical  polar  >ponse  of  the 
final  capsule.  The  rear  air  volume  between  the  active  diaphragm 
and  the  outer  protective  diaphragm  must  be  vented  to  atmosphere 
If  no  degradation  In  the  response  Is  to  be  observed  at  high 
altitudes.  This  was  accomplished  via  a small  stainless  steel 
tube  In  the  capsule's  housing  which  provided  a well  controlled 
air  leak  sufficiently  small  to  prevent  environmental  problems. 

The  resultant  capsule  and  amplifier  were  assembled  Into  a 
housing  designed  to  protect  each  against  environmental  damage 
and  contain  them  securely.  The  housing  also  provides  for  electri- 
cal connection  by  accepting  a U-173/U  plug  connector.  An  illus- 
tration of  the  final  housing  configuration  appears  in  Figure  2. 

Since  the  capsule  Is  vented  through  Its  air  leak  tube  Into 
the  housing,  the  housing  Is  ported  to  the  outside  through  a 
sintered  disc.  This  disc  provides  air  pressure  equalization 
while  preventing  dirt  and  moisture  entry. 
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R 1=1000  TL  C =.04.7UF 

R2=6800r>.  CO  =00IUF 

R3=22K  203687-  aJnc/s 50017)^ 

R4=I60K  RS  = 4.7K 

R5=l000m  203904- 00  140 

RL  = l50y^  hi?  1400 

ZD  = 39^/DI0DG 

FIGURE  3 

AMPLIFIER  CIRCUIT 
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The  microphone  capsule  has  a design  center  sensitivity  of  -40dB 
2 

re  iV/28  dynes/cm  when  measured  conventionally  at  the  FET  source 

above).  Since  the  FET  follower  has  a loss  of  3dB,  the  sensitivity 

at  the  FET  gate  (^<S  ) is  -37dB  re  lV/28  dynes/cm^  (103dB  i/L).  The 

specification  requires  an  over-all  sensitivity  of  -60dB  re  lV/28  dynes/ 
2 

cm  , therefore  the  gain  of  the  electronics  must  be  -23dB  when  measured 
from  es  to  ^Oabove,  i .e. , 

G=  H = .071  (-23DB) 


In  the  above  circuit  R^,  in  conjunction  with  R^,  set  the  static 
bias  current  of  the  transistor  at  approximately  3 ma,  CO  is  an  RF  by- 
pass for  EMI  purposes.  The  effect  of  both  of  these  components  is 
negligible  from  a dynamic  analysis  viewpoint.  Since  Rj^  « hoe  and  the 
gain  is  less  than  unity,  the  transistor  parameters,  hoe  and  hre  may  be 
neglected. 

For  analysis  purposes,  it  is  best  to  view  the  FET  as  a constant 
current  source  (Is)  equal  to  0*^4  ^ I 4-  gm  Rs . 


i.e 


Is  = 


9^  es 
l-t-om  Rs 


The  above  comments  lead  to  the  equivalent  circuit.  Figure  4. 
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ZD 


Kh^gJ 

Khi'e 


t(hf  <1+  l) 
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4.  Performance  Tests 

The  performance  of  each  microphone  constructed  was  tested  using 
a B & K artificial  voice  with  the  unit  under  test  mounted  1/4"  away 
from  and  coaxially  with  the  opening.  Results  of  these  tests  Indicated 
that  the  front  port  response  was  typically  smooth  with  an  output 
measured  to  be  constant  within  3dB  over  the  frequency  range  of  200 
to  6000  Hz.  In  addition,  a rear  port  sensitivity  at  1000  Hz  was 
measured  under  the  same  conditions  and  compared  to  the  front  port 
sensitivity  at  that  frequency  to  assure  a symmetrical  polar  response. 

A far  field  response  of  two  units  was  performed  in  an  anechoic  cham- 
ber at  a distance  of  6 feet  to  insure  that  the  noise  inmuni ty  charac- 
teristic of  the  design  requirements  were  met  as  specified  in  the 
development  contract.  A curve  of  both  tests  on  a typical  unit  is 
illustrated  in  Figure  5.  Figure  6 illustrates  the  noise  inmunity 
characteristic  of  a typical  microphone. 
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In  order  to  assure  quality  performance  of  the  final  microphone 


desiqn,  a test  plan  was  prepared  under  the  development  contract. 

This  test  plan  required  specific  testing  to  be  accomplished  and  set 
limits  of  acceptance.  Meeting  this  criteria  was  the  goal  throughout 
the  entire  program.  Constant  monitoring  of  performance  criteria 
through  the  various  stages  of  development  made  it  possible  to  yield 
a resultant  design  that  performed  within  acceptable  limits. 

In  addition,  environmental  and  EMI  testing  was  accomplished  as 
specified.  The  microphone  design  of  this  program  was  subjected  to  , 

these  tests  and  subsequently  evaluated.  Table  1 shows  the  schedule  j 

of  environmental  tests  performed  and  the  unit  which  was  exposed  to  ] 

the  specified  test.  ] 
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TABLE  1 


Test  Performed 
Altitude 

Low  Temperature  - store,  operate 
High  Temperature  - store,  operate 
Vibration 
Shock 

Salt  Atmosphere 
Immersion 
Dust 
Fungus 
Humidity 
as 
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The  microphone,  designed  and  evaluated  by  JMR,  met  all  of  the 
environmental  test  criteria,  except  for  vibration.  The  cause  for 
failure  on  the  vibration  test  was  a separation  of  the  two  housing 


halves.  The  material  selected  for  use  in  the  fabrication  of  the 
housing  was  Delrin  which  is  difficult  to  bond  since  this  material 
is  of  the  fluorocarbon  family.  An  attempt  to  design  around  this 
situation  was  employed  by  using  mechanical  means  to  secure  the 
housing  halves  together,  however,  mechanical  failure  still  resulted. 
Selection  of  a material  such  as  ABS  or  a polycarbonate  such  as  Lexan 
should  overcome  this  problem  in  future  units  by  allowing  solvent 
cementing  of  the  housing  halves. 

Two  microphones  were  subjected  to  simulated  gun  blast  tests  at 
NOSC,  San  Diego.  No  change  in  output  level,  distortion  or  physical 
appearance  was  noted. 


Frequency 

Test  Required 

Field  Strength 

mHz 

Field  Strength 

V/m 

At  IX  Distortion 
V/m 

.01  to  1.9 

1.0 

> 1.0 

2.0  to  22.0 

5.0 

> 5.0 

23.0 

5.0 

2.5 

45.0  to  395.0 

10.0 

1.3  to  9.0 

Since  the  microphone  capsule  and  amplifier  are  lOOt  shielded 
(solid  without  breaks).  It  Is  likely  that  the  EMI  problem  above  22  mHz 
Is  due  to  the  unshielded  output  cable  and  lack  of  Internal  protection 
at  the  amplifier  output  terminals.  Size  constraints  make  the  Intro- 
duction of  RF  rejection  filtering  at  that  point  extremely  difficult. 
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The  20  microphones  delivered  in  satisfaction  of  the  contract 
requirements  included  JMR  capsules  and  amplifiers  mounted  in  plastic 
housings.  Each  unit  was  delivered  with  boom  assembly,  Astrocom 
P/N  10346,  and  cable  assembly,  Astrocom  P/N  22258. 

Of  the  20  units,  2 were  the  units  subjected  to  simulated  gun 
blast.  Of  the  remaining  18,  units  A,  B and  C were  environmental 
test  units;  D through  S were  new.  Unit  C had  its  housing  (separated 
in  vibration)  repaired  before  delivery.  Response  curves.  Figures 
17  through  33,  on  these  18  units  tend  to  show  a resonant  peak  of  1 
to  2dB  between  4 and  5kHz.  This  is  not  strongly  evident  in  all 
cases,  and  seems  to  be  a result  of  minor  variations  in  diaphragm 
tensioning.  The  curves  do  show  that  miniature  electret  elements 
are  easily  capable  of  +_  2dB  from  200  to  6000kHz. 

6.  Conclusions 

A)  The  noise  cancelling  performance  of  the  microphone  indicates 
far  field  crossover  between  3 - 4,000Hz.  The  effective  front  to  back 
spacing  of  the  microphone  is  therefore  approximately  .6  inches  with 
actual  construction  thickness  being  .19  inches.  This  indicates  an 
improvement  in  noise  cancelling  performance  compared  to  standard 
microphones  now  in  the  military  inventory. 

B)  It  is  considered  practical  to  specify  microphone  response 
within  ^ 2dB  for  volume  production.  All  microphones  delivered  were 
within  this  performance,  and  although  a number  of  microphones  main- 
tained performance  within  ♦ IdB  by  hand  selection  and  process  control. 
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Frequericy,  Hz 


A 


It  Is  not  considered  reasonable  to  control  the  amplifier  and  micro- 
phone element  within  + l/2dB  each  with  practical  production  techniqies. 

C)  Microphone  element  sensitivity  could  be  increased  20  to  30dB, 
if  desirable,  so  that  combined  microphone  element  and  amplifier  sensi- 
tivity could  be  increased  to  -40dB  compared  to  the  delivered  perfor- 
mance of  -60dB. 

D)  An  electret  microphone  is  difficult  to  fully  protect  against 
electromagnetic  radiation  due  to  the  small  size  and  lack  of  volume 
available  for  RF  filtering  components.  This  electrotiwgnetic  inter- 
ference is  almost  entirely  due  to  conduction  of  unwanted  signals 

from  leads  instead  of  direct  interference  occurring  in  the  microphone. 
One  way  to  alleviate  this  problem  would  be  to  completely  shield  the 
wires  and  place  proper  RF  protection  at  the  end  of  the  flexible  shielded 
single  conductor  cable  where  available  volume  exists.  The  requirenient 
for  bi -polar  operation  adds  to  the  EMI  problem  because  of  the  inherent 
non-linear  separation  from  ground  caused  by  the  diodes.  It  would  seem 
that  in  any  new  system,  a polarized  lead  to  the  microphone  would  be 
practical  and  result  in  a large  improvement  in  EMI  rejection. 

E)  It  is  considered  that  the  developed  microphone  is  a practical 
design  which  can  be  produced  with  controlled  procedures  to  have  per- 
formance characteristics  suitable  for  use  under  the  severe  environmen- 
tal conditions  encountered  in  military  service. 
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Administrative  Data 


1 .0  Purpose  of  Test: 


To  determine  the  effects  upon  the  submitted  Microphones 
when  subjected  to  the  tests  specified  in  this  report. 


2.0  Manufacturer:  jmr  Systems 

168  Lawrence  Street 
Salem,  New  Hampshire  03079 

3.0  Manufacturer’s  Type  of  Model  No.:  unspecified 


4.0  Drawing,  Specification  or  Exhibit:  MTT.-STr»-8l  oc , MTi,-STn-454c 

and  written  instructions 
from  -TMR  Systems 


5.0  Quantity  of  Items  Tested: 


Six  (6)  S/N's  C,  F,  H, 
I , J and  F 


6.0  Security  Classifcation  of  Items:  Unclassified 


7.0  Date  Test  Completed: 


October  25 , 1977 


8.0  Test  Conducted  By:  Associated  Testing  Laboratories,  Inc. 

9.0  Disposition  of  Specimens:  Returned  to  JMR  Systems 

10.0  Abstract: 

The  submitted  Microphones  were  subjected  to  environmental 
testing  in  accordance  with  the  above  specifications. 

The  following  table  lists  the  tests  each  unit  was 
subjected  to  and  the  results. 
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10.0  Abarygct ; (continued) 


Test 

Unit  (S/N) 
Tested 

Date 

Completed 

Results 

Immersion 

F 

10-12-77 

No  leakage 

Salt  Fog 

I 

10-14-77 

No  corrosion 
noted 

Sand  and  Dust 

F 

10-18-77 

No  damage  noted 

1 ungus 

C 

10-19-77 

No  fungus  growth 
noted 

Vibration 

J 

10-20-77 

No  damage  noted 

Humidity 

H 

10-25-77 

Unit  delaminated 
on  ends 

Shock  (Drop) 

J 

10-26-77 

Unit  delaminated 
on  ends 
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I 


Hydrometer  Scientific  H-7990  N/A  N/A  N/A 

Glass  Apparatus 


LIST  OF  APPARATUS  (continued) 
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IMMERSION  TEST 


TEST  FROCEUURE 

Microphone  S/N  F,  was  subjected  to  an  Immersion  test 
in  accordance  with  M1L-STD-810C , Method  512.1,  Procedure 
I,  as  follows. 

The  test  unit  was  placed  in  a temperature  chmber 
previously  stabilized  at  45“C  (113*F).  After  the 
unit  had  stabilized,  it  was  Immersed  in  a column  of 
water  subh  that  the  uppermost  point  of  the  test  spec- 
imen was  36  +5  Inches  below  the  surface  of  the  water. 

The  temperature  of  the  water  was  between  13'r  (SS^F) 
and  23“C  (73“F).  The  test  item  remalne<J  Immersed 
for  a nerlod  of  120  minutes. 

Following  the  tese,  the  unit  was  removed  from  the 
water  and  the  exterior  surfaces  were  dried.  The 
unit  was  retxirned  to  TMR  Svstems  for  a performance 
eva 1 ua  t Ion . 


TEST  RFSULTS 

Since  the  unit  was  sealed,  an  internal  examination 
for  the  presence  of  water  was  r^^ipossible.  Criteria 
for  passage  was  a post  test  performance  evaluation 
performed  at  JMK  Systems. 
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SALT  FOG  TEST 


TEST  PROCEDURE 

Microphone,  S/N  I,  was  subjected  to  a salt  fog  test 
In  accordance  with  Method  509,1,  Procedure  I 
of  MIL-STD-8inc,  as  follows. 

The  unit  was  suspended  within  a salt  spray  chamber 
by  means  of  a waxed  cord.  The  units  were  subjected  to 
a dense  salt  fog  atraospbere  for  a 48  hour  period,  at 
an  ambient  temperature  of  +15®f!  (95*F),  The  salt  fog 
was  developed  by  atomizing  a solution  composed  of  5 
parts  bv  weight  of  sodium  chloride  (NaCl)  dissolved 
In  95  parts  by  weight  of  demineralized  water.  Distilled 
water  was  used  for  the  solution.  The  pH  of  the  resulting 
solution  was  adjusted  to  a value  between  6.5  and 
7.2  using  either  sodium  hydroxide  (NaOH)  or  chemically 
pure  hydrochloric  acid  (HCl).  The  specific  gravity 
of  the  resulting  solution  was  within  the  required 
range  of  1.0268  and  1.0413. 

The  air  used  to  atomize  the  salt  solution  was 
conditioned  by  passing  it  through  a column  of  water 
whose  temperature  was  maintained  at  a value  of  approx- 
imately +40°C,  (104®?),  resulting  In  an  air  supply  at  the 
atomizer  nozzle  having  a relative  humidity  of  85* 
and  a temperature  of  +35“C  (95”F).  Air  pressure  at  the 
atomizer  nozzle  was  adjusted  to  maintain  an  atomiza- 
tion rate  of  approximately  three  quarts  of  salt 
solution  per  ten  cubic  feet  of  chamber  volume  per 
24  hour  period. 

Following  completion  of  the  48  hour  salt  fog  test,  the 
Microphone  was  removed  from  the  salt  sprav  chamber  and 
examined  for  evidence  of  phvslral  damage. 
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SA1.T  for.  TfST 


TEST  PROCfni'RF.  (continued) 

Accumulated  salt  deposits  were  removed  from  tlie  surface 
of  tbe  unit  by  means  of  a pentle  wash  In  running  water 
whose  tmeperature  did  not  exceed  +3R‘’r  (100’’F).  The 
test  specimen  was  specifically  examined  for  evidence 
of  metal  and  finish  corrosion. 


TEST  RESULTS 

The  unit  did  not  exhibit  any  physical  degradation  as 
a result  of  the  salt  fog  test.  The  unit  was  returned 
to  JMR  Systems  for  a functional  test. 
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SAND  AND  DUST  TFST 


TFST  PROrmURF 

Microphone,  S/N  F,  wan  subierted  to  a aand  and  dust 
test  In  accordance  with  Mil, -STD-8 1 nr , Method  SlO.l, 
Frocedure  I,  as  follows. 

The  test  set  was  Installed  within  a sand  and  dust 
chamber  and  the  chamber  sealed. 

The  chamber  temperature  was  set  to  +?3*r  (71*F). 

The  chamber  relative  humidltv  was  maintained  at 
less  than  22*.  The  test  rac'dlum  was  14n-mesh  sil- 
ica flour.  The  air  velocity  within  Che  chamber  was 
adjusted  to  1750  +2  50  feet/minute  during;  this  ex- 
posure. The  dust  feeder  was  set  to  control  Che 
dust  concentration  at  between  O.l  to  0.5  t^rams/ 
cubic  foot.  Tl»e  unit  was  maintained  at  these  con- 
ditions for  six  hours. 

Following  completion  of  the  six  hour  period,  the 
dust  feed  was  shut  off.  The  chamber  air  velocity 
was  reduced  to  between  100  and  500  feet/minute. 

The  Internal  chamber  air  temperature  was  raised 
from  +21*r  (7l*F>  to  +65V  (145*Fl.  The  chamber 
relative  htimldltv  was  maintained  at  less  than  10* 
during  this  portion  of  the  test.  These  chamber  con- 
ditions were  maintained  for  an  overnight  period 
(approx Ima tel  V lA  hours.  I 

Following  tha  overnlglit  period,  the  air  velocity 
In  the  chamber  was  adlnsted  to  1 750  +750  f ee  t /m  1 n>i  t e . 
The  chamber  temperature  was  maintained  at  +A3®C 
(145“F).  The  dust  feeder  was  adjusted  to  control 
the  dust  concentration  at  a level  of  between  O.l 
and  0.5  grams/cuhlc  foot.  These  conditions  were 
maintained  for  six  hours.  Following  the  six  hour 
period,  the  chamber  controls  were  turned  off  and 
the  units  allowed  to  return  to  room  ambient  temper- 
ature. 
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PAOI  IS  BEST  quality  PRACriCABLS 
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SAND  AND  DUST  TEST 


TEST  RHSULTS 

There  was  no  damage  noted  to  the  unit  as  a result  of 
the  test.  The  unit  was  retruned  to  JMR  Systems  for 
post  test  evaluation. 
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FUNGUS  TEST 


TEST  PROCEDURE  (continued) 

The  mineral  salts  preparation  was  sterilized  by  auto- 
claving at  -H21“r  (.'’5n*F)  for  20  minutes.  The' pH 
of  the  solution  was  adjusted  hy  the  addition  of  0,01 
normal  solution  of  Naop  so  that  after  sterilization, 
the  pH  of  the  salts  solution  was  between  6,0  and  6.5, 
It  should  be  noted  that  only  reagent  grade  chemicals 
were  used  for  nreparatlon  of  the  solution. 

The  fungus  spore  solution  used  the  following  fungi: 


Fungi 

ATTC 

NLABS 

No. 

No. 

Aspergillus 

nlger 

9642 

386 

Aspergillus 

f lavus 

9643 

380 

Aspergillus 

versicolor 

11730 

432 

Panic  11 1 ium 

f uniculosum 

9466 

391 

Chaetomlum 

globo  sum 

6205 

459 

In  preparing  the  solution,  the  subcultures  were  Incu- 
bated at  +29“C  (84®F)  for  a period  between  7 and  20 
days.  The  spore  suspension  of  each  of  the  five  fungi 
were  prepared  by  pouring  Into  one  subculture  of  each 
fungus  a sterile  10  ml  portion  of  distilled  water. 

By  using  a sterile  platinum  of  nlchrome  Inoculating 
wire,  a portion  of  the  culture  growth  was  scraped 
out  of  the  test  tube  container.  The  snore  charge 
was  placed  Into  a terlle  125  ml  glass  stonpered 
Frlenmever  flask..  The  flask  contained  45  ml  of  dis- 
tilled x^ater  and  10  to  15  solid  glass  beads,  5 mm  In 
diameter.  The  flask  x^as  vigorously  shook  to  liberate 
the  snores  from  the  fruiting  bodies  and  to  break  the 
spore  clumns.  The  susnenslon  x-ras  filtered  through  a 
thin  laver  of  sterile  glass  x;ool  In  a glass  funnel 
Into  a sterile  flask  In  order  to  remove  mvcellal 
fragments . 
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FUNGUS  TEST 


TEST  PROCEDURE  (continued) 

The  spore  suspension  was  centrifuged  aspetlcally. 
Resuspend  the  residue  In  50  ml  of  distilled  water 
and  centrifuged  again.  The  spores  from  each  fugl 
were  washed  In  this  manner  a total  of  three  times. 

The  final  washed  residue  contained  1,000,000  +200,000 
spores  per  ml  as  determined  with  a coutlng  chamber; 
as  It  was  diluted  with  sterile  mineral  salts.  This 
process  was  repeated  for  each  organism  used  In  the 
test.  Equal  volumes  of  the  resultant  spore  suspension 
were  blended  to  obtain  the  final  mixed  spore  suspension. 
A prepared  spore  suspension  was  not  allowed  to  stand 
more  than  four  days  prior  to  use  In  the  test. 

Three  pieces  of  sterilized  filter  paper,  one  Inch 
square,  were  placed  In  the  Incubation  chamber.  The 
filter  paper  was  placed  onto  hardened  mineral  salts 
agar  In  separate  petrl  dishes.  These  samples  were 
Inoculated  with  the  spore  suspension  hy  spraying  from 
a sterilized  atomizer.  The  entire  surface  was  moist- 
ened with  the  snore  suspension.  In  addition,  a 
number  of  known  suscentahle  substrates  were  Inoculated. 
These  Items  were  three  pieces  of  preservative  free 
vegetable  tanned  leather  and  protein  glue  bonded  cork. 

The  selected  part  was  placed  Into  the  chamber.  The 
speclc.i"  ^ lus  the  control  samples  were  Inoculated 
by  spraying  the  surfaces  by  means  of  a sterilized 
atomizer.  The  spore  supenslon  was  liberally  sprayed 
over  the  entire  surface  ot  the  unit.  The  spor  sus- 
pension was  also  sprayed  onto  the  leather  and  cork 
control  samples.  The  Incubation  chamber  was  then 
sealed.  The  Incubation  chamber  was  maintained  at 
+29“C  (84*F)  and  95%  relative  humidity.  After  an 
Incubation  period  which  lasted  14  days,  the  chamber 
was  opened  and  the  control  samples  examined.  It  the 
samples  did  not  show  an  abundant  growth,  the  entire 
test  was  to  be  repeated.  The  controls  showed  satls- 
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TF.ST  rROr.FnURF.  (continued) 

factory  funpus  grovtli  and  the  chamber  was  resealed. 
Testing  was  then  continued  until  a total  time  of  28 
days  had  elapsed  from  the  time  of  inoculation. 

Upon  completion  of  the  28  day  incubation  period,  the 
test  specimen  was  removed  from  tlie  chamber  and  examined 
for  evidence  of  fungus  growth. 


Tl'ST  RESULTS 

The  test  specimen  did  not  show  any  evidence  of  fungus 
growt  h . 
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SINUSOIDAL  VIBRATION  TKST 


Ti'ST  rRocrpuRi: 

Microphone,  S / .1  .1,  w.is  siib.l  er  t eii  to  a sinusoidal 
vibration  test  In  accordance  with  written  Instructions 
from  Sv stems,  as  follows. 

The  unit  was  attached  to  the  vibration  test  fixture 
which.  In  turn,  was  securelv  atrac^«d  to  t)ie  table  of 
a vibration  exciter.  \ control  accelerometer  was 
mounted  to  the  fixture  for  controlling  the  Input  vlb- 
ra'^lon  amplitude  to  the  unit.  "^he  unit  \.'as  then  suh- 
iected  to  vibration  cvcllne  over  the  f'reouencv  ranee 
of  S to  117  nt  the  levels  elven  ’^elo\.’. 


•ahio  T 


'reuuencv  (tl.; ) 


5 - 20 
20  - 500 


r e a k Am  pi  1 t iid  c 

0.1  inch  d . a . 

+ 2 e ' s 


The  frequency  range  of  5 to  SOO  Uz  and  return  to  5 
Hz  was  traversed  during  a tine  Interval  of  15  minutes, 
The  vibration  cycling,  time  was  two  hours. 

The  above  procedure  was  j'er  f o rneil  In  the  liorlzontal 
axis  onlv. 


T''ST  RrSULTS 

'’o  phvsical  damage  was  noted  following  the  vibration 
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TEST  I’KOCEDURE 

Microphone,  S/N  H,  was  subjected  to  the  hunldlty 
test  in  accordance  with  MIL-STl)-8  IOC , Method  507.1  , 
Procedure  II.  The  following  describes  the  test  as 
it  was  performed. 

The  unit  was  Installed  within  a high-low  temperature, 
humidity  chamber.  A stainless  steel  hood  was  placed 
over  the  specimen  to  prevent  chamNer  wall  condensate 
from  impinging  onto  the  uni*’  under  test.  The  chamber 
was  then  sealed. 

The  I'icrophone  was  first  subjected  to  a 2't  hour  drvlng 
cvcie  ar  a temnera*’ure  of  +l?o'’p.  Following  this, 
the  unit  was  subjected  to  a '’A  hour  condi*’ioning  cvcie 
at  a temnerature  of  +73°F  at  a relative  hu miditv  of 
50  +10"'.  "heo  the  second  conditioning  cvcie  was  com- 
nleted,  the  unit  was  functionallv  c’’ec'ed  out.  The 
unit  was  then  subjected  to  five  continuous  48  hour 
cvcles,  tirouehout  \.’hich  t!'e  relative  hu  mi  ditv  was 
maintained  at  '^4  +4%  at  all  temperatures  below  +2o®(: 

( + 114'’F)  and  at  a constant  +?0“c  dexv'  point  (x;er  hulh 
tmeperature)  at  all  temperatures  above  +2''"t\  The 
test  cvcie  is  described  as  follows; 


The  ch.amher  temperature  was  raised  to  +148“1’ 
over  a four  hour  period.  The  chamt>er  was 
maintained  at  +149“ F for  the  next  8 hours. 

Tl'.e  chamber  temperature  was  lowered  from 
+149“F  to  +86“F  over  the  following  four  hour 
period.  The  chamber  was  maintained  at  +86“F 
for  the  next  21  hours.  The  chamber  was  de- 
creased to  +68“F  in  one  hour  period.  The 
chamber  was  maintained  at  +f)8®F  for  the  next 
four  hours.  The  chamber  temnerature  was  raised 
back  to  +8fi*F  in  a one  Itour  period  and  held 
at  +8f'’F  for  five  hours. 
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miMiniTY  TEST 


TEST  PROCrnilRF  (conrlnu^<n 

Pollowinp  the  final  48  hotir  cvcle,  the  chamber  tem- 
perature was  adjusted  to  +71'F.  The  chamber  relative 
liumldltv  was  set  to  50  +10!^.  Tliese  conditions  were 
maintained  for  24  hours.  After  completion  of  the 
24  hour  exposure,  the  Microphone  was  removed  from 
the  chamber  and  subjected  to  a checkout. 


TKST  RESULTS 

There  was  no  evidence  of  physical  <lamap.e  ol>8erved 
as  a result  of  the  humidity  test.  The  functional 
tests  performed  by  vIMR  Systems  were  reported  to  he 
sac  Is f ac to r y . it  was  noted  that  both  ends  of  the 
Mlcropohe  had  delaminated  slightly. 
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SHOCK  (PROP) 


Tl'.ST  rROCint’H*' 

The  ftlcrophone  was  siihlerted  fo  a shock  (drop)  test 
In  accordance  wtth  written  1 nst  r\ict  tons  from  ,1MR 
Systems,  as  follows. 

The  unit  was  subjected  to  twelve  Impacts  from  a 
height  of  six  feet  onto  a concrete  floor.  The  drop 
height  was  measured  from  the  impact  surface  of  the 
unit  to  the  concrete  floor. 

Following  the  drop  test  the  specimen  was  examined 
for  damage. 


TKST  RESULTS 

After  completion  of  the  shock  test  the  unit  exhibited 
dclamlnatlon  on  the  end  of  the  microphone. 
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APPENDIX  B 


ELECTROMAGNETIC  SUSCEPTIBILITY  DATA 
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Report  M0._  271*/ 

Revision  


REPORT  OF 

ELECTROMAGNETIC  INTERFERENCE 


TEST  ON 

.TMR  SYSTEMS,  INC. 

NOISE  CANCELING  ELECTRET  MICROPHONE 


TEST  PERFORMED  BY 

SANDERS  ASSOCIATES.  INC. 
95  CANAL  STREET 
NASHUA.  NEW  HAMPSHIRE 


CONTRACT  NO. 


date  SIGNATURE 

TEST  INITIATED 

9/19/77 

TEST  COMPLETED 

9/19/77 

REPORT  WRITTEN  BY 

1 

TEST  TECHNICIAN 

TEST  ENGINEER 

SUPERVISOR 

GOVERNMENT  REP. 

(If  AppI icable) 

FINAL  RELEASE 

DrT  TLbT  SiimmARV  SHEET 


[LECTROMAGNET 1C  INTER 


REPORT  r;c 


KH-STI‘-i61A.  Notice  L 


SUKKARV  OF  TEST  RESULTS 


TEST 

METHOD 


Nor  required 


Ccnducied  Susceptibility 
to  50  kH:  DC  Power  Leads 


Not  required 


Conducted  Susceptibility,  .50  kH; 
AOO  MHc,  AC  and  DC  Power  Leads 


Radiated  Susceptibility,  10  kHr 
to  400  KHz,  Electric  Field 


SUMMARY  OF  REPORT 


RS03  Harmonic  distortion  at  the  microphone  output 
exceeds  11  at  various  frequencies  between  23  MHz  and  395  MHz. 


EC. 

RA. 

REMARKS 

PASS 

FAIL 

r 


Tes:  Kepor:  No.  T'j- 

l.C  ADMIKISTRATIVE  DATA 

1 . 1 Purpose/Reason  for  Test 

To  determine  if  JMR  Systems,  Inc.  Noise  Canceling  Electret 
Microphone  complies  vith  the  limits  defined  in  the  applicable  portions 
of  M1L-STI)-461A,  Notice  i. 

1.2  Description  of  Test  Sample 

The  unit  tested  was  a JMR  Systems,  Inc.  Noise  Canceling 
Electret  Microphone. 

1 . 3 Disposition  of  Test  Sample 

Returned  to  JMR  Systems,  Inc.  by  their  personnel. 

1 .4  References 

Test  Plan  2541  Electromagnetic  Compatibility  Test  Procedure: 


DF-AF-0191  (A) 
MIL-STD-461A,  Notice  4 

MIL“SID-462,  Notice  3 
MIL-STD-463,  Notice  1 


Development  Specif iciation  for 
Noise  Canceling  Electret  Microphone. 

Electromagnetic  Interference 
Characteristics  Requirements  for 
Equipment. 

Electromagnetic  Interference 
Characteristics,  Measurement  of. 

Definitions  and  Systems  of  Unit 
Electromagnetic  Interference 
Technology. 


2.0  TEST  FACILITl’  DESCRIPTION 
2. 1 Shielded  Room 

The  Radio  Frequency  shield  room  used  for  EMI  testing  conforms 
with  the  design  criteria  of  MlL-E-8881,  Table  IIB  per  Table  1, 
Double  Shield  cell  type,  solid  metal  Class  C per  Table  II.  The 
room  size  is  6.1  meters  X 3.0  meters  X 2.4  meters.  Door  size 
clearance  is  2.C  meters  bv  1.8  meters. 
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A. 


2.2  Power  Aveilabilitv 

Power  eveilablc  inside  the  room  is  113  VAC,  60  Hs,  1 phase,  and 
28  VDC.  Power  is  routed  through  Powerline  Filters  1B40-60,  60  ampere, 
providing  100  dB  attenuation  from  14  kHz  to  10  GEz. 

2.3  Enclosure  Attenuator  Characteristics 

The  attenuation  characteristics  of  the  enclosure  when  tested  in 
accordance  with  MlL-STD-285  is  70  dB  for  magnetic  Field  and  100  dB 
for  electric  field  and  plane  wave. 

2.4  Ground  Plane 

The  microphone  was  installed  over  a copper  ground  plane 
(solid  plate),  measuring  4.9  meters  X 0.92  meters.  The  ground 
plane  is  bounded  to  the  shielded  room  wall  at  intervals  of  less 
than  0.90  meters  with  a d.  c.  bonding  resistance  of  0.2  milliohms. 


3.0  TEST  EQUIPMENT  CALIBRATION 


3.1  Field  Intensity  Meters 

The  principle  means  of  determining  frequency  and  amplitude 
during  the  test  will  be  one  or  more  of  the  following  field  intensity 


meters : 


Frequency  Frequency 


Amplitude 


Model  No. 


Range 


Accuracy 


Accuracy 


EMC-25  Fairchild  UkHz-lGHz  *21  11.5  dB 

Calibrated  every  12  months 

NF-105  Singer/Empire  14kHz-lGHz  l22  ll  dB 

Basic  Unit 

TX  - 12  months  TA  - 12  months  T1  - 12  months 

T2  - 12  months  T3  - 12  months 
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3.1  Field  Intensity  Meters  (Cent.) 

i These  instrunents  are  calibrated  by  the  Sanders  Associates 

Instrumentation  Calibration/Standards  Laboratory,  which  operates  a 
government  approved  calibration  program  in  accordance  with  MIL-C-45662A, 
"Calibration  System  Requirements".  The  calibrating  equipment  accuracy 
required  by  HIL-C-43662A  is  several  orders  of  magnitude  greater  than 
that  of  the  QIC  instrumentation  listed  above.  This  ensures  the 
greatest  possible  frequency  and  amplitude  data  accuracy. 

3.2  Transducers 

All  antennas— (with  one  exception) — use  the  correction  factors 
supplied  by  their  respective  manufacturers.  The  single  exception  is 
the  Enplre  VA-IOS  41-inch  vertical  rod  antenna  (150  kHz  to  30  MHz) 
which  is  calibrated  every  six  months  by  the  Sanders'  Calibration 
Laboratory. 

3.3  Signal  Sources 

A variety  of  signal  sources  are  used  to  develop  the  r.  f. 
environment  for  system  susceptibility  tests.  The  field  intensity  is 
monitored  by  the  field  intensity  meters  described  above,  and  so  the 
signal  source  was  not  a primary  consideration  in  determining  the  accuracy 
of  measurement. 

The  signal  sources  are  calibrated  by  the  S/A  Instrument 
Calibration/Standards  Laboratory  on  a 12  month  cycle. 

3. 4 Test  Sample  Operation  and  Monitoring 
The  microphone  and  artificial  voice  was  installed  inside  the 

shield  room  over  the  ground  plane.  The  associated  exercise  equipment 
and  susceptibility  monitoring  meters  were  located  outside  the  shield 
room. 

During  EMI  testing  the  microphone  was  exercised  with  an  artificial 
voice  of  1000  Hz,  driven  at  a sound  pressure  level  of  103  dB 
measured  1/4  inch  from  the  sound  source.  The  following  equipment  was 
furnished  by  JMR  Corp. 

B & K Model  2010  Analyzer 


Ll 
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B & X Hodel  4219  Artificial  Voice 
HP  Model  400  EL  Voltmeter  or  equivalent. 

While  in  normal  operation  the  DC  current  measured  in  the  positive 
lead  of  the  9 VDC  input  did  not  exceed  2 ma.  A Triplett  630  PL 
ammeter  was  installed  in  series  with  the  ■♦•9  VDC  power  lead. 


The  voltage  measured  across  the  DC  return  lead  and  the  150 
ohm  resistor  in  the  position  lead  did  not  change  by  more  than  3 
dB.  An  HP  400  EL  Voltmeter  model  was  used. 


appendix  a 


TEST  METHOD  CSOl 


CONDUCTED  SUSCEPTIBILITY 


DC  POWER  LEADS 


30  Hz  to  50  k.Hz 
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4.0  CSOl  COWDUCTED  SUSCEPTIBILITY.  30  Hz  to  50  kHz  POWER  LEADS 
•)  Test  Procedure 

This  test  was  not  perfoxsied  because  the  test  frequency  range  is 
the  same  as  the  microphones  operating  range.  The  CSOl  test  level 
requires  the  injection  of  signal  levels  on  the  DC  leads  that  are 
greater  than  the  normal  operating  levels. 


Test  Equipment 

Description 

Model/MfK. 

Serial  No. 

Cal  Date 

Oscillator 

HP200S 

Hewlett  Packard 

7153 

N/A 

Power  Amplifier 

MOlOO 

Bogen  Presto 

J52 

N/A 

Transformer 

6220-1 

Solar 

N/A 

N/A 

Voltmeter 

630PC 

Triplett 

3905 

N/A 
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5.0  CONDUCTED  SUSCEPTIBILITY.  50  kHz  to  400  MHt.  POWER  LEADS 

a)  Test  Procedure 

This  test  method  required  that  Line  Inpedence  Steblllzatlos 
Networks  be  installed  in  series  with  the  9 VDC  and  return  power 
leads.  The  CS02  test  signal  is  injected  through  a signal  port  on  the  LISN. 

This  test  cannot  be  performed  because  the  LISN  in  series  with 
the  9 VDC  power  lead  changes  the  required  impedance  of  150  ohms. 

b)  Test  Equipment 


Model 

Nomenclature 

Serial  No. 

HP606 

Signal  Generator 

7055 

HP608 

Signal  Generator 

1091 

IMl-F-0431 

LISN  10  kHz  to  10  MHz 

N/A 

91221-1 

LISN  10  MHz  to  400  MHz 

N/A 

NF-105 

EMI  Meter 

2160 

F-50 

Current  Probe 

101 

LF-105 

Line  Probe 

N/A 

I * 

L 
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APPENDIX  C 

TEST  METHOD  RS03 

RADIATED  SUSCEPTIBILITY  \ 

f 

j 

ELECTRIC  FIELD 

10  kHz  t-c  AOO  MHz 

i, 

i 
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6.C 


RAIUATED  Sl’SCEFTIBILin.  10  kHr  tc  400  MH;  ■ ELECTRIC  TIELT 


a)  Test  EquipPient 


Description 

Model /Mfc. 

Serial  No. 

Cal  Date 

Dll  Meter 

NV-105 

Empire 

2160 

11/76 

Oscillator 

HP200S 

Hewlett  Packard 

212-00620 

M/A 

Signal  Generator 

HP606 

Hewlett  Packard 

038-03786 

5/77 

Power  Amplifier 

MO  100 

Bogen 

J52 

N/A 

Power  Oscillator 

404A 

Microdot 

32 

1/77 

Power  Oscillator 

406A 

Microdot 

87 

9/77 

Power  Oscillator 

125 

Airborne  Inst.  Lab 

12510 

N/A 

Vertical  Antenna 

\Tl-l-105 

Empire 

181 

5/77 

Vertical  Antenna 

VA-105 

Dnpire 

195.  372 

4/77,  6/ 

Biconlcal  Antennas 

7825 

Honeywell 

N/A 

N/A 

Cone  Antennas 

93490-1 

Stoddart 

N/A 

N/A 

Oscilloscope 

545 

Tektronix 

4385 

6/77 

Test  Procedure 

The  radiating  antenna  was  placed  In  frc  C of  the  teat  sample 
at  a distance  of  1 meter. 

The  Noise  Canceling  Electrct  Microphone  was  then  tested  with 
a 1000  Hz,  Input  and  exposed  to  the  following  radiated  field  Intensity 


levels: 

lOkHz  to  1.9MHz  1 .0  V/M 

2.0MHz  to  29.99MHz  5.0  V/M 

30  MHz  to  400  MHz  10.0  V/M 

During  the  test  the  susceptibility  carrier  was  modulated  502 
with  a 1000  Hz  tone.  When  a failure  occurred  the  frequency  and 
threshold  level  were  recorded.  The  test  was  performed  as  described 
In  paragraph  9.0  of  Test  Plan  2541. 
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c)  Test  Results 

Uermonic  distortion  et  the  microphone  output  exceeded  IX  at 
various  frequencies  between  23  MHz  and  395  MHz.  Worst  case  was 
et  135  MHz,  while  radiating  with  a vertical  blconical,  the 
threshold  level  was  1.3  Volts.  Detail  test  results  are  shown  on 
data  sheet  1 . 

d)  Conclusions 

JHR  Systems  Corporation  Noise  Canceling  Electret  Microphone 
does  not  comply  with  RS03  requirements. 


